Abstract. Equations for solving the deflection and bending moments of rhombic plates by exact method are known to be highly tedious. A set of simplified equations is developed for design purposes of such simply supported plates under uniform load. Curve-fitting from exact data allows the deflection and its second derivatives, evaluated at the plate centre, to be expressed in greatly simplified and yet sufficiently accurate empirical models for thin rhombic plates. Using the simplified model, it is shown that the maximum bending moment can be reduced by using auxetic materials. By including the effects of shear deformation for thick rhombic plates, it is demonstrated that the ratio of shear-to-bending deformation decreases as the rhombic plate approaches a square shape and as the plate's Poisson's ratio becomes more negative.
Introduction
The Poisson's ratio of materials is normally assumed to be positive, with a value of v = 0.3 being typically assigned for isotropic materials. Although the Poisson's ratio of anisotropic solids has no bounds [1] , it has been shown that the Poisson's ratio in the case of isotropic materials are bounded within -1  v  0.5 [2] ; solids with negative Poisson's ratio have been studied [3] . A number of auxetic materials applications have been suggested; interested readers are referred to related reviews [4] [5] [6] and a monograph [7] for further details of such materials. Investigations into the performance of plates with the use of auxetic materials have been carried out [8] [9] [10] [11] . Although studies on auxetic plates have been done on rectangular [12] [13] [14] , circular [15] [16] [17] , triangular [18] [19] [20] , elliptical [21] , sectorial [22] , hexagonal [23] and regular polygonal [24] plates-no work has been done on auxetic rhombic plates. This paper aims to provide a set of design equations that is simple to execute and sufficiently accurate for a class of rhombic plates, which are simply supported and uniformly loaded, with special emphasis on the use of auxetic materials.
Preamble to thin rhombic plates
With reference to 
while the plate's flexural rigidity is
in which E is the Young's modulus and v is the Poisson's ratio of the plate material. One may note that the plate's Poisson's ratio in Eqs. (1) and (2) where  in the semi-empirical models are expressed in degrees. Since Eqs. (1) to (3) are independent from the plate's Poisson's ratio when non-dimensionalized, it follows that this independence holds for Eqs. (6) and (7) . Nevertheless the Poisson's ratio plays its role in the bending moment, as described in Eq.(8). Verification of the semi-empirical maximum deflection model described in Eq. (6) is made by plotting it in comparison to the discrete data points by Morley, as shown in Fig.2 (top) . Apart from the maximum deflection, another plate response that is of interest to the designer is the maximum stresses. Since the bending stress is related to the bending moment, i.e. Reference to Fig.3 shows that, with all other parameters fixed, the maximum bending moment-and hence the maximum bending stress-is reduced by the extent of material auxeticity. 
First-order shear model for thick rhombic plates
The use of Kirchhoff plate theory, which accounts for the plate deflection on the basis of plate bending, in the preceding section is valid for thin plates. Thick plates experience pronounced transverse shear deformation. This section attempts to evaluate the shear deformation in thick rhombic plates using first-order shear deformation theory (FSDT 
where the Marcus moment of the Kirchhoff plate is As expected, the extent of shear deformation as a ratio of bending deformation diminishes with decreasing plate thickness; more interestingly, the shear-to-bending ratio decreases (a) as the plate Poisson's ratio becomes more negative, and (b) as the plate approaches a square, i.e.   45  .
Conclusions and recommendations
A set of simplified design equations for describing the deflection and second derivatives at the centre of a simply-supported uniformly-loaded thin rhombic plates has been developed herein by back calculation from numerical results based on exact model in dimensionless forms, which are independent from the Poisson's ratio. Results from the thin plate theory reveals that auxeticity decreases the dimensionless maximum bending moments, and hence the maximum bending stress, of thin rhombic plates. Extending this thin plate model to thick rhombic plates, it was found that the ratio of shear deformation vis-à -vis bending deformation increases with the dimensionless plate thickness h/a, half angle  , and Poisson's ratio. These observations suggest that the analysis of thick rhombic plates can be further simplified to thin plate theory if the thick rhombic plates are more regular and/or made from auxetic materials. The coefficients n a and n b are chosen ideally so as to satisfy symmetry boundary conditions along the diagonal AB (See Fig.1 ). These conditions require 
